To select appropriate diet for hamsters used in the uterotrophic and Hershberger assays two rodent diets were compared: Murigran (Agropol, Poland) and Altromin 7010 (Altromin Spezialfutter GmbH&Co., Germany). The contents of bioactive compounds in feeds were evaluated by liquid chromatography, and their oestrogenic activity by yeast enhanced green fluorescent protein assay. In opposition to Altromin, Murigran contained high amounts (µg/kg) of genistein (765 600) and daidzein (132 000), and the oestrogenic activity of these compounds, expressed as 17β-oestradiol equivalent concentration (EEQ), was found to be 9.54 µg EEQ/kg. In in vivo study, Murigran induced a high degree of oestrogenisation in immature hamsters, and females failed to exhibit a normal uterine response to recommended dose of a model oestrogen agonist 17α-ethinyloestradiol. There was no influence of the diet on the weight of five accessory sex organs (ASO): ventral prostate, seminal vesicles with coagulating glands, levator ani bulbocavernosus muscles, Cowper`s glands, and glans penis of control males. However, the impact on ASO response to model androgen agonist, testosterone propionate was observed. The obtained results provide the evidence that phytooestrogen-rich feed modulates the oestrogenic and androgenic response to chemicals.
Introduction
The rodent uterotrophic and Hershberger assays are short screening in vivo methods used to test oestrogenic and (anti)androgenic activity of chemicals (22, 23) . These assays are also applicable for testing dietary compounds either as single ingredients, mixtures, or as a part of diet. However, the assays are often confounded by the presence of bioactive compounds in the diet (13) .
Therefore, besides the appropriate animal model and control groups (negative and positive), feed is of significant importance in interpreting results of the studies on endocrine disruptors (EDs) (1, 2, 31) . Selection of the most appropriate diet for ED research conducted on rodent experimental models, is not only a current subject providing the current proposals to mass screen a wide range of endocrine-disrupting compounds (EDCs), but it is also a decision that should be put under a serious consideration before standardising or initiating such studies (29) .
In our opinion, this study, is the first, which describes the use of hamsters as a model in uterotrophic and Hersberger assays. Our experience with the use of hamsters in reproductive studies, as well as data presented in scientific literature (12) point out that hamster represents a unique in vivo model to probe the phenomenon of endocrine disruption.
The aim of this study was to select proper feed for hamsters used in the uterotrophic and Hershberger assays. To assess the impact of dietary phytooestrogens on the experimental results, reference oestrogen, and androgen agonists were used, and their effect was determined by the immature hamsters' assays.
Material and Methods
Feeds. Two diets were compared: rodent dietMurigran (Agropol, Poland) and breeding diet for hamsters -Altromin 7010 (Altromin Spezialfutter GmbH&Co., Germany).
Chemical analysis of feeds. The contents of bioactive compounds -genistein (G) and daidzein (D) were analysed by liquid chromatography (25) .
Oestrogenic activity of feeds was evaluated by the yeast enhanced green fluorescent protein (yEGFP) assay. The feed samples were prepared as described in detail by Bovee et al. (5) . The conditions of the yeast culture and details of the bioassay procedure were described previously (4) . The procedure was applied with minor modifications. In brief, overnight yeast culture was diluted in minimal medium supplemented with L-leucine (MM/L, 30 mg/L) to an optical density of 0.055 ± 0.005 at 620 nm (OD 620 ). The cell suspension was dispensed on the 96-well plate (250 µL/well) with extracts of feed samples, standards or DMSO. The plates were then shaken on a microplate shaker (Titramax 1000, Heidolph) at 30°C for 24 h in a naturally ventilated incubator (Gallenkamp Plus II). Before and after the 24 h incubation of yeast suspension with extracts of feed samples, standards or DMSO, absorbance and fluorescence were measured. The absorbance was measured using microplate reader Multiskan RC (Labsystems) at 620 nm. Changes of absorbance in treated cells compared to control cells gave an indication of cytoxicity. The results were acceptable if cytotoxicity was below 20%. The fluorescence was measured using Synergy 2 microplate reader (BioTek, USA) with excitation end emission wavelengths at 485 and 520 nm, respectively. The oestrogenic activity of the feed samples was evaluated comparing fluorescence of the extracts with the 17β-oestradiol calibration curve. To generate the standard curve a series of nine dilutions of 17β-oestradiol stock solution in DMSO (ranged from 1 × 10 -6 to 1 × 10 -3 M) were used. The final concentration of 17β-oestradiol in the wells ranged from 1 × 10 -9 to 1 × 10 -5 M. Animals. Golden hamsters (Mesocricetus auratus) from own colony were used. The animals were housed under controlled temperature (22 ± 2°C), lighting (light: dark cycle 14 h:10 h) and humidity (40%-60%). Animals were kept in clear polypropylene cages (48 × 26.5 × 21 cm). Tap water and one of two diets (Murigran or Altromin 7010) were provided ad libitum at least four months before mating, during pregnancy, and in postnatal period. Immature (18-day-old) females were used in the uterotrophic assay, and immature 25-day-old males were used in the Hershberger assay. The procedures were approved by the Local Ethics Committee.
Uterotrophic assay (22) . Animals were randomised (6/group) to control and experimental groups. The females in control groups received corn oil (2 mL/kg, s.c.). Experimental animals were dosed s.c. for three consecutive days with 17α-ethinyloestradiol (EE 2 )( SIGMA, CAS No.57-63-6, >98% purity) starting from the recommended dose of 1 µg/kg/d in corn oil. Clinical signs were controlled daily. Body weight of each experimental animal was recorded daily throughout the treatment period and prior to necropsy.
Twenty-four hours after the last treatment, animals were euthanized by CO 2 overdosing. Necropsy was performed immediately after the animals' death. The uterus was carefully dissected and weighed (wet weight) then dried at 60°C for 24 h and weighed again (dry weight). The data was expressed as mean ± standard deviation (SD).
Hershberger assay (23) . Animals were randomised (6/group) to control and experimental groups. The males in control group received corn oil (2 mL/kg, s.c.). Experimental animals were exposed to 10 consecutive subcutaneous (s.c.) injections of testosterone propionate (TP) (SIGMA CAS No. 57-85-2, >98% purity) at the doses of 0.1, 0.2, 0.4, 0.8, and 1.6 mg/kg/d. Clinical signs were controlled daily. Body weight of each experimental animal was recorded daily throughout the treatment period and prior to necropsy. Twenty-four hours after the last treatment, hamsters were euthanized by CO 2 overdosing. Necropsy was performed immediately after the animals' death. Five accessory sex organs (ASO): the ventral prostate (VP), the seminal vesicles with coagulating glands (SVCG), the levator ani and bulbocavernosus muscle complex (LABC), Cowper`s glands (CG), and glans penis (GP) were dissected and weighed. The data was expressed as mean (± SD).
Statistical analysis. Differences in body weights and organ weights in each group were analysed by ANOVA. Dunnett`s test was used to compare treated vs. control groups. Differences in male accessory sex organs between the Murigran and Altromin 7010 groups were assessed for a statistical significance by Tukey`s test.
Results
Bioactive compounds in feeds. Chemical analysis indicated that Murigran diet contained high amounts of genistein (765 600 µg/kg) and daidzein (132 000 µg/kg) ( Table 1 ). In opposite, Altromin 7010 was free of these compounds.
In vitro and in vivo oestrogenic activity of feeds. Biological activity of feed samples evaluated in vitro by yEGFP bioassay was expressed as 17β-oestradiol equivalent concentration (EEQ). Oestrogenicity of Murigran was very high (9.54 µg EEQ/kg) in opposite to the Altromin diet, which showed no oestrogenic activity ( Table 1) .
The uterine weights of control 22-day-old hamsters, which were fed Altromin 7010 were significantly lower (P < 0.001) than those, which were fed Murigran. The mean values for absolute and relative wet uterine weights were as follows: 15.8 ± 3.7 and 72.9 ± 4.7 mg (Altromin 7010); 58.3 ± 8.8 and 211 ± 8.3 mg (Murigran). Comparison of the dry uterine weights also revealed significant differences (P < 0.01 and P < 0.05 for absolute and relative weight, respectively) ( Table 1) . 
Feed
Oestrogenic activity
Content of isoflavones µg/kg diet

In vivo In vitro
Uterine "wet" weight mean ± SD EEQ -17β-oestradiol equivalent concentrations; *P < 0.05; ** P < 0.01; ***P < 0.001 ANOVA followed by Dunnett's test Data is presented as mean ± SD (n = 6); *P < 0.05; ** P < 0.01; ***P < 0.001 vs vehicle corn oil control (0) for the appropriate feed . Data is presented as mean ± SD (n = 6); *P < 0.05; ** P < 0.01; ***P < 0.001 vs control (100%)
Uterotrophic assay. Animals fed Murigran failed to exhibit a normal uterine response to recommended dose (1 µg/kg/d) of EE 2 (Table 2) . Moreover, after two higher doses i.e. 3 and 10 µg/kg/d, the weight of the uteri did not increase when comparing to the control (Table 2, Fig. 3) . A significant increase (P < 0.05) in wet and dry weights was observed just at the highest dose used i.e. 100 µg/kg/d (Table 2 , Figs 1 and 3) .
When animals were fed phytooestrogen-free diet (Altromin 7010) significant oestrogenic effect of EE 2 was already noted at the dose of 0.6 µg/kg/d (Table 2 , Fig. 2 ). The weight, wet/dry, covers 226%/156% of control values (Fig. 3) . Similar results were observed at the doses of 1 and 3 µg/kg/d (Fig. 3) . Higher doses resulted in a dose -dependent increase in weight from 324%/182% (10 mg/kg/d) to 401%/224% (100 mg/kg) (Fig. 3) .
Hershberger assay. No effects of the diet on the accessory sex organs in control male hamsters were observed (Fig. 4) . However, the diet affected the androgenic response to testosterone propionate in the organs. After 10 d exposure to TP, four organs (VP, SVCG, LABC, CG) of males fed Murigran responded (significant increase in weight) to the dose of 0.2 mg/kg/d (Fig. 4) . When Altromin diet was given, a significant increase in two ASO (VP, SVCG) was recorded after higher dose of 0.8 mg/kg, and two organs (LABC, CG) did not react.
Discussion
It is well known, that many rodent diets contain different amounts of oestrogenic isoflavones, such as daidzein and genistein (9) . Their content depends on a number of factors, and therefore, varies between different formulations, as well as from batch to batch (11) . Several papers indicated that their oestrogenic activity may affect the results of assays by influencing a number of different endpoints, such as gene expression profile of the reproductive system in the female rats (20) , sexual development of rats (21) , time of vaginal opening in immature CD-1 mice (28), male reproductive system (8, 26) , and others (6, 7, 30) .
The uterotrophic activity of phyto-and xenooestrogens is very well established (10) . However, the effect of the dietary background of the phytooestrogens on the outcome of rodent bioassays used to identify and assess the potential endocrine disrupting chemicals is controversial. 
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Various effects of dietary isofavones on the uterotrophic actions of exogenous oestrogens, including additive enhancement, inhibition or no effect, have been reported. In this study, the effect of two diets on control and experimental animals used in uterotrophic and Hershberger assays was investigated. Rich phytooestrogen diet, used in the study, contained genistein (766 µg/g) and daidzein (132 µg/g). In opposition to the diet without phytooestrogens, this feed alone, induced high level of oestrogenisation in control females. The analysis of dose response data revealed that this diet strongly affected uterotrophic response i.e. diminished sensitivity to reference oestrogen EE 2 at recommended dose of 1 µg/kg (15, 16, 18) and even higher i.e. 3 and 10 µg/kg.
The results are in agreement with the observations of immature rats (3). The authors observed that a previously established, well-functioning model for uterotrophic assay, suddenly failed to respond to the administration of exogenous oestrogen, and no difference in uterus weight between experimental and control animals was found. Afterwards, it was found that the diet of animal supplier contained genistein and daidzein (210 and 140 µg/g, respectively), which were responsible for the phenomenon observed. It is necessary to mention that the isoflavone content of this particular rat diet (3) was lower than that of diet used in our study.
According to OECD post validation recommendations, laboratories conducting the uterotrophic bioassay for either research, or regulatory purposes may routinely use diets containing levels of phytooestrogens <325-350 µg/g of total genistein equivalents without impairing the responsiveness of the bioassay (24) . However, this is contraindicated by current literature, which specifically states that diets containing less than this value still have the potential to alter the results of vaginal opening and uterotrophic assay (29) . This remains to be an unresolved issue, and is especially critical for the detection of weak acting oestrogenic substances (2) .
As regards the immature hamster Hershberger assay, there were no significant differences between the weights of five accessory sex organs of control males fed with the diet rich in phytooestrogens or not containing these compounds. Similar results were received by Strohecker et al. on rats (26) . However, the diet affected the androgenic response to testosterone propionate. In the study, males fed phytooestrogen-rich diet were more sensitive to testosterone propionate than those fed phytooestrogen-free diet.
The obtained results provide the evidence that phytooestrogen-reach feed inhibits the oestrogenic response to 17α-ethinyloestradiol, and increases androgenic response to testosterone propionate. These findings have important implications for research on endocrine disruptors. Scientists and laboratory animal feed makers recently met to discuss problems resulting from unwanted effects of phytooestrogenic components, such as soy in animal diets (19) . The finding that variability in phytooestrogen content in commercial rodent diets, within and between brands, influences experimental results underlines the importance of this investigation and raises caution for investigators using rodents as animal models (14, 17) .
